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§5. Rigidity Test of Helical Coil Pack 
Tamura, H. and Nishimura, A. 
Concerning the development of 
superconducting coils for fusion reactors, it is 
important to clarify the mechanical behavior and 
rigidity of the coil at the liquid helium temperature. 
In the case of helical coil, insulators in the coils are 
subjected to a large electromagnetic force of about 
10 MN/m under a condition of 18 kA current flow 
and 4 Tat a plasma center. To simulate helical 
coils, some mechanical tests of coil packs were 
carried out at the liquid helium temperature by 
using 10 MN cryogenic testing machine with a 
servo control system[ 1]. 
Sample 
The insulators in the helical coil have variable 
area ratio against the conductor to ensure the 
helium flow paths in a high magnetic field area or 
to reinforce a mechanical strength in a low 
magnetic field. We chose two typical area ratio for 
the coil packs. The helical coil pack sample I -4 
sample simulates fourth layer of I -block. Another 
sample simulates fifth layer ofM-block (sample M-
5). The only difference between them is a 
dimension of the insulator. Each coil pack has a 6 
layers x 6 turns structure of a superconductor 
KIS0-32 with 200 mm long. The differences 
between them are a dimension of the insulator 
( 11 mm and 16 mm trapezoid cross section for I -4 
and 28 mm and 33 mm for M-5) and its adhering 
pitch (52 mm for I-4 and 58 mm for M-5). A piled 
up structure was constructed in SUS3 04 case that 
had enough rigidity compare with a coil section. A 
displacement was measured between compressive 
rod and SUS304 case using four clip type 
displacement gage and a compressive load was 
converted from pressure gage in a servo system. 
Results 
Figure 1 shows the test result for sample M-5. 
Large hysteresis and nonlinearity were observed in 
curves especially in the first cycle of compression. 
An apparent compressive rigidity was 
approximately 30 GPa at the beginning of 
10 
unloading process when the layer to layer insulator 
was subjected to compressive stress of 100 MPa. 
Nonlinearity has been understood that the effect of 
surface touch problem in the coil pack[2]. It is 
rather difficult to place the conductors and the 
insulators with an ideal accuracy because it was 
wound by pile up method, and residual gaps are 
generated between the insulator and the 
superconductor. Evaluation of this nonlinear 
behavior and stress distribution in the cross section 
of the coil pack have been attempted using finite 
element analysis with assumption of a gap between 
conductor and insulator[3]. It is difficult to 
estimate an apparent rigidity absolutely, but it is 
possible to estimate a change of rigidity and global 
displacement. 
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Fig. l . Load versus displacement curve of helical coil 
pack sample M-5. 
